Abstract Between January 2012 to 2016, 20 patients with primary hyperparathyroidism underwent surgical exploration for presumed diagnosis of parathyroid adenoma. Nineteen patients underwent ultrasonography of neck and USG was found to be accurate in localizing the adenoma in 84.2%. Seventeen patients underwent sestamibi isotope scanning and imaging correlated with operative findings in 94.1%. Combined accuracy of ulrasound and sestamibi scan which was done in 17 patients was 95%. Seventeen patients underwent unilateral exploration and there was resolution of disease in 94.1%. Three patients underwent bilateral exploration and had a success rate of 100% in the removal of offending adenoma. Fifteen minutes post excision, rapid intraoperative intact parathormone assay was sent in 14 out of 17 unilateral explorations and was found to have true positive rate of 93% and false positive rate of 7%. There was a significant difference in the operating time between unilateral (17 patients, mean operating time 1 h) and bilateral (3 patients, mean operating time 1¾ hrs) explorations. It is clear from this study; the preoperative localization of adenoma with plan for unilateral exploration with a combination of ultrasonography and sestamibi scan is extremely useful if unilateral exploration is planned for excision of parathyroid adenoma. However, the number of patients who underwent 15 min post excision intact parathormone assay, is a small number to comment on its usefulness in predicting the success of unilateral exploration.
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Introduction
Bilateral neck exploration is the gold standard in the surgical treatment of primary hyperparathyroidism including those caused by parathyroid adenoma. This surgical method of treatment was introduced by Mandel in 1925 that is, nearly 90 years ago [1] . It is also well known that in 90% of cases of primary hyperparathyroidism (PHPT) due to parathyroid adenoma, a single adenoma is found as the culprit [2, 3] . Due to this fact and with excellent preoperative imaging techniques being available for localization of adenoma, the success rate of minimally invasive or unilateral approach to management of PHPT has almost equalled in outcome, to that obtained by standard bilateral neck (four gland) exploration [4] . In addition, studies on the intraoperative intact parathyroid hormone assay obtained 15 min after removal of parathyroid adenoma have fortified the confidence of surgeons performing unilateral exploration for PHPT.
Material & Methods
Between January 2012 to 2016, case records of 20 patients screened as parathyroid adenoma were studied retrospectively. The mean age of the patient was 47.2 yrs. The sex ratio was M:F-9:11. Nineteen patients were symptomatic and one was asymptomatic but detected on serum calcium estimation on routine check up. Seventeen patients presented electively and three patients as emergency. Four patients had symptomperiod ranging from 1 to 10 days. Fifteen patients had symptom-period ranging from 1 month to 10 years. Emergency admission for three patients was for (a) hypercalcemic encephalopathy, (b) acute kidney injury with multiple myeloma, and (c) acute severe pancreatitis. These patients with emergent presentation did not undergo sestamibi scan. All patients had estimation of serum calcium and serum parathormone. Nineteen patients had undergone ultrasonography of the neck and 17 patients, sestamibi scan (Fig 1 & 2) . In one patient, chronic kidney disease was found as the cause for PHPT. Seventeen patients underwent unilateral exploration, and three patients underwent four gland exploration. In 14 patients, 15 min post excision intraoperative intact parathormone assay was done.
Results
Mean age of patients was 47.2 years. The sex ratio was M:F-9:11. 84.2% patients (16) had adenoma in the inferior gland and in 15.7% (3 patients), the superior gland was involved. One patient had two adenomas, which was a case of tertiary hyperparathyroidism. Fourteen patients (73.6%) had an involvement of left parathyroid and five patients (26.3%) had involvement of right parathyroid, one being bilateral out of 20 patients. Six patients had cardiac disease not related to PHPT, four presented with current or old history of fracture of long bone, four patients with pancreatitis, two patients had renal calculus, two presented with generalized weakness, and one with psychiatric symptoms. In 18 patients (90%), the preoperative levels of serum parathormone was more than three times the upper limit of normal and in two (10%) patients, the preoperative level was less than three times normal. In these two patients, the serum calcium was also normal, but the diagnosis was made based on a combination of ultrasonography and sestamibi scan of the neck. At the same time, the serum calcium levels did not show a direct relationship to the levels of serum parathormone when plotted on a graph (Table 1 , Graph 1). In seven (35%) patients, the serum parathormone levels was more than 1000 units and in 57% of these patients, the adenoma size was 1.5 cm. Nineteen patients underwent ultrasonography of the neck and in 16 of these (84.2%), the adenoma was accurately localized. Seventeen patients underwent sestamibi scan and in 16 (94.1%) of these patients, the scan was accurate in localizing the adenoma. Combined accuracy of ultrasound and sestamibi scan which was done in seventeen patients was 95%. Seventeen patients underwent unilateral exploration and in one of these, a recurrence of disease was found. The patient was a case of tertiary hyperparathyroidism and opposite site exploration resulted in identification of a second adenoma. Hence, the cure rate of unilateral exploration was 94.1%. Three patients underwent bilateral exploration for adenoma, one of the patients having thyroid nodule, in the second, the preoperative localization not being convincing, and the third due to tertiary hyperparathyroidism. The success rate of bilateral exploration was 100%.
Fifteen minutes post excision intra operative intact parathormone assay was done in 14 patients. It had a true positivity rate of 92.8% and false positive rate of 7.2%. The false positivity was found in the case of tertiary hyperparathyroidism with the 24 h post excisional parathormone levels showing no significant reduction.
There was a significant difference in the operating time between unilateral (17 patients, mean operating time 1 h) and bilateral (3 patients, mean operating time 1¾ hrs) explorations.
Mean post operative hospital stay was 26 h with unilateral exploration and 96 h for bilateral exploration. All patients who underwent bilateral exploration developed transient 
Discussion
PHPT is familial and caused by hyperplasia of the gland in 10% of cases. But in 90%, it is caused by a single adenoma [2] . Only in 2% of cases is PHT caused by double adenoma [5, 6] . When surgery for PHT is conducted by experienced surgeons, the cure rate is 95% [7] . But in a multicenter study conducted in five hospitals across the USA and Europe, it was shown that more patients with bilateral exploration had hypocalcemia postoperatively, on an 8-year follow-up than those undergoing unilateral exploration [8, 9] .
Wang and Tibblin in 1982, advocated unilateral exploration for solitary adenoma based on the premise that, the adenoma is single in 85 to 90% of cases and they can be localized accurately by investigations [10] . This approach also becomes useful when re-exploration for recurrence is done, as the opposite site is left undisturbed with clear planes [11] . The incidence of multiglandular disease has also been shown to be less than 5% [6, 12] .
In a randomized controlled trial, where 91 patients were randomized to either unilateral or bilateral exploration for primary hyperparathyroidism, it was shown that the cure rate was equal between the two, and operative time was shorter in the unilateral exploration group. There was lesser incidence of hypocalcemia in the unilateral exploration group [1] . This finding was concurrent with the findings in this study.
This focussed or minimally invasive approach to adenoma has become possible due to good and accurate preoperative imaging studies [13] . In our small number of patients, ultrasonography was successful in accurately identifying the adenoma in 84.2% and sestamibi scintigraphy in 94.1% of cases. In a relatively recent article published in 2012 from Iran, high resolution USG detected the adenoma accurately in 76.3% of cases and sestamibi scan in 78.8% of cases with sensitivity of 83.5 and 85% respectively [14] . According to a study conducted by Nasiri et al., ultrasonography images detected enlarged parathyroid glands in 76.3% of patients with sensitivity of 83.5% and positive predictive value (PPV) of 89.7%. Sestamibi scintigraphy detected adenoma in 78.8% patients with sensitivity of 85% and PPV of 91.3% [14] .
The utility of rapid intraoperative parathormone assay was done in 10-min post excision of adenoma to confirm the successful removal of the offending adenoma intra-operatively, has increased confidence levels in operating surgeons practicing unilateral approach. At 10-min post excision of the gland, the peak pre excision value of parathormone should reduce by more than 50% and more than 60% at 15-min post excision assay. Additionally, frozen section biopsy of the removed gland can be undertaken with the other ipsilateral gland proving to be normal on frozen section [15, 16] . This increases the recurrence free outcome of unilateral exploration. In this retrospective study, the number of patients undergoing intact parathyroid hormone (iPTH) is too small to comment on its utility.
Summary and Conclusion
In this retrospective study of 20 parathyroid adenomas, it was shown that unilateral approach for surgical excision of parathyroid adenoma in PHPT, based on preoperative localization by USG and sestamibi scan, had a success rate of 94.1% which compares well with the success rate of bilateral explorations as observed in the literature. It has also been shown that the mean operating time for unilateral exploration is significantly less than that taken for bilateral exploration. Hence, we recommend unilateral exploration for parathyroid adenoma in patients where the adenoma has been locallised by preoperative imaging. 
